The DNA fingerprint profiles and somatic serotypes of 71 PasteureUla multocida capsule serogroup B isolates, 13 capsule serogroup E isolates, and 16 somatic reference serotype strains were compared. Each of the 16 reference somatic serotypes had a unique DNA fingerprint profile with the HhaI restriction endonuclease. Fifty-four serogroup B isolates (isolated from classical cases of hemorrhagic septicemia) reacted with somatic serotype 2 or 5 antiserum and had DNA fingerprint profiles which resembled that of the serotype 2 reference strain. Seven DNA fingerprint profiles were found among 16 serogroup B strains representing other somatic serotypes. The DNA fingerprints of these isolates were different from the fingerprints of the 16 somatic reference serotype strains. All 13 serogroup E isolates had identical somatic serotypes and identical DNA fingerprint profiles when the HhaI endonuclease was used. The HhaI fingerprint profile of the serogroup E isolates did not match any fingerprint profile of the reference somatic serotype strains. Following DNA profiling with the HhaI endonuclease, the 13 serogroup E isolates were differentiated sequentially with HpaII restriction endonuclease. A descriptive identification epithet for P. multocida isolates was constructed. The descriptive epithet consists of serologic identification and sequential DNA profiles with restriction endonucleases HhaI and HpaII, respectively. DNA fingerprinting of P. multocida is a precise characterization method. In con,junction with serologic typing, it can further classify P. multocida isolates for epidemiologic studies.
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Pasteurella multocida is characterized serologically by capsule serogroup with passive hemagglutination tests (2, 11) and somatic antigen type with gel diffusion precipitin tests (4) . Either or both of these tests have been used to compare isolates in toxin studies (9) , lipopolysaccharide analysis (8, 10) , and surveys of the organism in various domestic and wildlife species (1, 6, 7, 12) .
Five capsule serogroups (designated A, B, D, E, and F) of P. multocida have been described (2, 11) . Among these, serogroups A and D are commonly isolated in the United States, but occasionally organisms of serogroups B and F are found. In addition to the capsule serogroups, 16 major somatic serotypes (identified as 1 through 16) are recognized. P. multocida isolates that express multiple major somatic antigens are also frequently encountered. Lipopolysaccharides are the antigens that determine somatic type specificity. Recent chemical and antigenic analyses of P. multocida lipopolysaccharides indicate that differences between serotypes 2 and 5 are minor and may not be sufficient to warrant their separation (8) . Various somatic serotypes occur among the different capsule serogroups, and current serological nomenclature designates both of these features. For example, P. multocida of capsule serogroup A and somatic serotype 3 is described as A:3.
It is well known that P. multocida with certain antigenic compositions can be associated with specific diseases in animals. This is especially true for the B:2 and E:2 serotypes. These serotypes cause hemorrhagic septicemia, a devastating disease of cattle and buffalo in certain enzootic areas of Asia and Africa. Even though the B:2 serotype * Corresponding author. occurs primarily in Asia and Africa, it has been isolated from bison on occasion in the United States. The E:2 serotype has been isolated only from animals in Africa.
Serotyping and DNA fingerprinting are tools which can be used to resolve relationships among bacterial isolates. Serologic typing of both capsule and somatic antigens is an aid for diagnosis and recognition of the hemorrhagic septicemiacausing strains of P. multocida. Nevertheless, serologic characterization is limited and does not provide sufficient information for epidemiologic studies in which distinction among field and vaccine strains would be desirable. Avian field isolates and vaccine strains of P. multocida have been differentiated with DNA fingerprinting (5, 13) . DNA fingerprinting, together with serologic typing, has been used to characterize porcine P. multocida for epidemiologic studies (3). Use of both DNA fingerprinting and serologic typing for characterization of the hemorrhagic septicemia strains of P. multocida has not been reported.
In this study, a rapid method for extracting DNA from P. multocida was developed. This method permits efficient processing of isolates for DNA fingerprinting. The DNA fingerprint profiles were used in conjunction with serologic typing to characterize serogroup B and E isolates. The DNA fingerprint profiles of all isolates that were generated with the HhaI endonuclease were compared with the HhaI endonuclease profiles of the 16 somatic serotype reference strains. Further differentiation of the E:2 isolates was accomplished by use of the HpaII restriction endonuclease. The purpose of this study was to determine whether the use of serologic identification and systematic DNA fingerprinting with HhaI and HpaII could resolve relationships among P. multocida isolates that could not be resolved with other methods. Media and cultures. The cultures were initially grown on 5% bovine blood agar plates with incubation at 37°C for 18 to 24 h. Growth from a single colony was inoculated into a tube with a blood agar base slant and into a tube containing 5.0 ml of Trypticase soy broth with 1.25% tryptose (TST). All cultures were incubated at 37°C for 18 to 24 h. The blood agar base slant was used for subculturing to maintain stocks and inoculating a glucose starch agar plate to propagate cells for capsule and somatic antigen typing. The TST culture was used for DNA extraction. A 1.5-ml aliquot of the 24-h TST broth culture was centrifuged at 16,000 x g for 4 min. The supernatant was discarded, and the pellet was suspended in 1.0 ml of 10 mM Tris-1 mM EDTA (TE; pH 8.0). The resulting mixture was recentrifuged as described above, and all but 50 pd of the supernatant was decanted; the residual supernatant and pellet were stored at -70°C until required.
Serologic typing. The somatic antigen composition of each isolate was determined by the method of Heddleston et al. (4) . Capsule group typing was done as described previously (9) .
Isolation of chromosomal DNA. Frozen pellets were thawed by addition of 350 ,ul of TE buffer and vortexed to resuspend the cells. One hundred fifty microliters of freshly prepared lysozyme solution (10 mg of lysozyme per ml of H20) was added to the suspension, and the mixture was placed on ice for 15 min to lyse the cells. After lysis, 40 p.l of 10% sodium dodecyl sulfate solution in distilled H20 was added and mixed for 1 min or until the suspension cleared. Eight microliters of RNase solution (100 mg/ml of H20) was added to the cleared suspension and mixed by repeated inversion of the tube for 1 min. Sixty microliters of proteinase K solution (20 mg/ml H20) was then added; the suspension was mixed by inversion, and the resulting mixture was incubated at 37°C for 30 min.
DNA was extracted by addition of 0.8 ml of phenol (pH 7.0) to a microcentrifuge tube of the above-described mixture. The tube was inverted vigorously until a white emulsion formed and then centrifuged at 16,000 x g for 1 min. After centrifugation, 600 ,ul of the aqueous phase was transferred to a clean microcentrifuge tube containing 150 (Fig. 2) among the classic hemorrhagic septicemia-causing P. multocida isolates (serotype B:2 or B:2,5). There were several instances in which these P. multocida isolates were serologically identical but had different DNA fingerprint profiles. Only isolate P-932 had a DNA fingerprint profile, HhaI 002 (Fig. 2, lane 2) , that was identical to that of the reference somatic serotype 2 strain, M-1404 (Fig. 1, lane  2) . The history of isolate P-932 is unclear, but it is believed to be derived from strain M-1404. Isolate 314-3 was nonreactive to somatic antisera but had a fingerprint profile that resembled the reference serotype 2 DNA fingerprint profile.
Although isolates among the classic hemorrhagic septicemia P. multocida isolates (serotype B:2 or B:2,5) could be further differentiated by DNA fingerprint profiles, a fingerprint profile obtained with the HhaI endonuclease was not necessarily unique to a country of origin or host species. For 12 ; and 3,4) had DNA fingerprint profiles (Fig. 3 ) that did not match the profiles of any of the 16 reference somatic serotypes. Neither did these isolates have fingerprint profiles that matched those of any of the classic hemorrhagic septicemia-causing isolates. Seven fingerprint profiles were identified with the HhaI endonuclease among these isolates, and they were designated profiles 030 to 036 (Fig. 3) . The discrepancy between serotype and fingerprint profile that occurred among the classic hemorrhagic septicemia-causing P. multocida isolates also occurred among these 16 isolates.
Comparison of isolates within capsule group E. The 13 capsule group E isolates all reacted as somatic serotype 2,5 ( Table 3) . One DNA fingerprint profile with HhaI was designated 017 and was common to all of the group E isolates (Fig. 2) . The 017 profile was not identical to any fingerprint of the 16 somatic reference serotype strains (Fig. 1) or the group B isolates. Although the capsule group E isolates were a homogeneous group upon the basis of serologic typing and HhaI profile, they were isolated from different species and countries. The 13 serogroup E isolates were digested with the secondary endonuclease (HpaII), and five unique DNA profiles (Fig. 4) were recognized. All four isolates from Zambia, three of which originated from cattle and one of which came from swine, were identical when the HpaII endonuclease was used. Eight of the remaining nine capsule group E isolates originated from cattle of six countries.
A descriptive identification epithet (DIE) was assigned to each capsule group E isolate for serologic and DNA profile characterization. The combination of the serologic identification and DNA fingerprint profiles of the HhaI and HpaII restriction endonucleases in this order is the basis for the DIE code. For example, a serologic type E:2,5 isolate which has fingerprint profiles HhaI 017 and HpaII 001 would be described as DIE code E:2,5-HhaI 017-HpaII 001. Five DIE codes were recognized from 13 isolates (E:2,5-HhaI 017-HpaII 001 through E:2,5-HhaI 017-HpaII 005). The sequence of the DIE code indicates the order in which all tests were performed.
DISCUSSION
It is accepted by those working with hemorrhagic septicemia of cattle and buffalo that the disease is caused specifically by P. multocida having the group B or E capsule and somatic serotype 2 or 5 antigen. P. multocida organisms with the B:2 or B:2,5 formula are occasionally isolated from other species (i.e., swine and deer) in which they produce clinical signs and pathologic lesions that are similar to those seen in cattle and buffalo. Recent evidence indicates that hemorrhagic septicemia in wild ruminants such as deer and elk can also be produced by P. multocida with the antigenic formula B:3,4. However, either the incidence of these organisms is rare or they are only rarely reported. Seven DNA Table 2 . The largest number of isolates in the study was from swine in India. As shown in Table 2 , these strains had a diversity of DNA fingerprint profiles; within the B:2 serotype of the swine isolates from India, seven unique fingerprint profiles were detected.
We examined DNA fingerprinting as a possible method for further differentiation of strains. DNA fingerprinting has been used frequently for characterization of bacterial DNA. The efficiency and timeliness of DNA extraction and precipitation are commonly encountered problems. In this study, 16 DNA samples were extracted, precipitated, and harvested within approximately 2.5 h. Preliminary experiments with selected restriction endonucleases indicated that HhaI, which has a 4-bp recognition sequence rich in the bases guanine and cytosine, produced easily distinguished fingerprint profiles with each of the 16 reference somatic serotypes. Each profile was unique. The present study demonstrated that this endonuclease is able to resolve differences among serogroup B isolates of the same somatic type. The largest number of strains in the present study was isolated from swine in India. The finding that these swine Resolution of DNA fingerprint profiles by using this procedure with either HhaI or HpaII can be accomplished with the naked eye. Occasionally, differences are extremely subtle. The high degree of similarity of serogroup E isolates digested with the HpaII endonuclease can be seen in lanes 3 and 5 of Fig. 4 , which appear to be identical at a glance, but after close examination of band seven from the top in both lanes, a difference was observed. In lane 5, this band is actually a doublet.
Analysis of many profiles can accurately be accomplished with computerized restriction fragment length polymorphism equipment. This equipment can be used to create a DNA fingerprint data base and standardize the fragment data from multiple photographic images. For calibration and standardization of restriction fragment length polymorphism equipment, a molecular weight marker must be present on each photographic image. The composition of a computerized fingerprint data base will permit individual isolates to be easily examined. In this study, the HhaI endonuclease generated profiles that are easily resolved. The fingerprinting of all P. multocida isolates with a routinely used preliminary enzyme such as HhaI would make analysis of data easier and less confusing.
Use of serologic identification and HhaI and HpaII DNA fingerprint profiles to characterize isolates and generation of a DIE code will provide an orderly means of classification of P. multocida isolates that has not been achieved by other methods. Use of serological identification within the DIE code will provide information for evaluation of current capsule and somatic typing methods; however, the absence of serologic data would not affect the fingerprint profile data of the DIE code.
